Metalation kinetics of the human α-metallothionein 1a fragment is dependent on the fluxional structure of the apo-protein.
Mammalian metallothioneins are cysteine rich metal-binding proteins comprising, when fully metalated, two metal-binding domains: the α-domain binds with M4(II)S(Cys)11 stoichiometry and the β domain binds as M3(II)S(Cys)9 stoichiometry. While the fully metalated species have been widely studied, the metalation of the apoprotein is poorly understood. Key to a description of the metalation pathway(s) is the initial conformation of the apoprotein and the arrangement of the metal-coordinating cysteines prior to metalation. We report the effect of the ill-defined, globular structure of apoMT on metalation rates. In order to overcome the experimental limitations inherent in structural determinations of a fluxional protein we used a detailed analysis of the apo-α-metallothionein conformation based on the differential rate of cysteine modification with benzoquinone. The ESI mass spectral data show the presence of two distinct conformational families: one a folded conformational family at neutral pH and a second an unfolded family of conformations at low pH. The Cd(II) metalation properties of these two conformationally distinct families were studied using stopped-flow kinetics. Surprisingly, the unfolded apoprotein metalated significantly slower than the folded apoprotein, a result interpreted as being due to the longer time required to fold into the cluster structure when the fourth Cd(II) binds. These results provide the first evidence for the role of the structure of the apo-αMT in the metalation reaction pathways and show that cysteine modification coupled with ESI-MS can be used to probe structure in cysteine-rich proteins.